Objective. To characterize current vestibular schwannoma (VS) surgery outcomes with a nationwide database and identify factors associated with increased complications and prolonged hospital course.
V estibular schwannomas (VSs) are benign slowgrowing tumors arising from the vestibular nerve. The incidence of VS is approximately 20 cases per million persons each year. 1 These tumors typically have an indolent course, with patients often presenting with symptoms of asymmetric hearing loss, tinnitus, headache, and loss of balance. 2 Surgical treatment for VS has steadily declined over the past few decades, especially for smaller tumors. 3, 4 This trend has been countered with increasing numbers of patients being observed with serial imaging or treated with stereotactic radiation. 5 Surgical excision of VS remains the definitive treatment option for larger tumors and for younger patients. 3 As with any surgical procedure, excision of VS is not without risk. The first successful VS surgery was first performed in 1894, and initial mortality rates approached 80%. 6 With the advent of the operating microscope, improvement in antibiotics, and refinement of surgical techniques, the current mortality rate has greatly improved to approximately 0.2%. 7 Although the rate of serious complications has also decreased, they still infrequently occur and include stroke, cerebral spinal fluid (CSF) leaks, wound infection, intracranial bleeding, and meningitis. 8, 9 While most studies analyze a single institution's experience, 10 this study made use of a multi-institutional database to capture a larger contingent of patients and institutions.
measures of medical care from its member organizations, which can be accessed online via the UHC Clinical Database/Resource Manager (CDB/RM). The data accessed via the CDB/RM are de-identified personal health information; therefore, our Institutional Review Board deemed this study not human subjects research.
The UHC CDB/RM was accessed in spring 2016 for inpatient discharges that occurred from October 2012 to September 2015 (36 months) . This period included when records were first available within the database to when the discontinuation of International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) occurred. Patients undergoing excision of acoustic neuroma were identified by the corresponding ICD-9-CM procedure code v04.01. We filtered these results excluding any diagnosis of neurofibromatosis (ICD-9-CM diagnostic codes 2377, 2377.0-2377.2), as these patients typically have additional symptomatology and comorbidities that are outside the scope of this study.
Complications are defined by criteria set by reportable complication metrics developed by the Agency for Healthcare Research and Quality, UHC, or Centers for Medicare and Medicaid Services. Complication rates were determined by the number of cases with 1 complications. Comorbidities are assigned to patients based on ICD-9-CM diagnostic codes present on admission.
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A select number of diagnoses of particular interest to VS surgery were selected for analysis after being identified through ICD-9-CM diagnosis codes: facial nerve weakness (351-351.9, 781.94), history of irradiation (v15.3), history of coronary angioplasty (v45.82), urinary tract infection (599.0), intracerebral hemmorhage (431), unilateral vocal cord paralysis (478.31, 478.32), CSF otorrhea and CSF rhinorrhea (388.61, 349.81), subdural hemmorhage (432.1), and dysphagia (780. 20-780.22, 780.29) . Other diagnostic ICD-9-CM codes of dizziness, imbalance, or headaches were thought to be common following surgery and would not be considered at complication. Also, the ICD-9-CM coding system does not provide specific procedure codes for the various approaches used in VS surgery. Other procedures codes, such lumbar drains, are not included in the ICD-9-CM coding system.
Means and standard deviations were calculated for length of stay (LOS), while means were calculated for intensive care unit (ICU) LOS. We were unable to perform standard deviations of ICU LOS because the duration of ICU admission was not recorded in the database. Readmission rates were calculated as a percentage of patients readmitted to the hospital within 30 days after discharge as well as any complications that occurred during this same period. Long-term data and subsequent follow-up visits are not permitted with the use of this database.
Statistical Analysis
All analyses and graphs were performed with Sigma Plot 12. 
Results
We identified 3697 patients whose VSs were treated with surgical excision. The mean total hospital LOS was 4.9 6 5.0 days. There were 2647 (71.6%) patients admitted to the ICU during their stay, who had a mean ICU LOS of 2.0 days ( Table 1 ). The complication rate for all patients was 5.3% (n = 195), and the overall mortality rate was 0.38% (n = 14). During their initial hospital stay, 2.8% (n = 74) of patients required readmission to the ICU after previously being on the floor. Of the 195 patients who had a complication, 15.4% (n = 30) required readmission to the ICU. There were 229 patients (6.24%) readmitted within 30 days after discharge, with 73% of these (n = 167) within 14 days and 43% (n = 98) within 7 days.
Demographics
We found a greater number of female patients (n = 2052) than male patients (n = 1645) undergoing surgery (ratio, 1.25:1.0). Both groups had a similar LOS; however, males had a significantly increased rate of complications (6.32% vs 4.43%, P = .01) and readmission (7.13% vs 5.53%, P = .05).
The mean age was 50.5 6 13.6 years, with 75.8% of patients aged 31 to 64 years. Increasing age was significantly and very highly correlated with ICU LOS (r = 0.83, P = .04), complication rates (r = 1.00, P \ .01), mortality rates (r = 0.83, P = .04). However, age was significantly and negatively correlated with readmission rates (r = 20.89, P = .02).
Race
Compared with Caucasians, African Americans (6.58 vs 4.64 days, P \ .01) and Asians (5.59 vs 4.64 days, P = .01) had a significantly longer LOS. Adjusting for population with 2015 US census data, surgical case incidence among Caucasians was the highest, at 3.33:1 versus African Americans and 1.56:1 versus Asians. African Americans had the longest mean ICU stay (3.0 days), followed by Asians (2.2 days) and Causcasians (1.9 days). There were significant differences among racial groups for complication rate (P = .04): African Americans had the highest rate of complications (8.8%), followed by Asians (4.8%) and Caucasians (4.7%). In terms of comorbidities, African Americans had a significantly higher rate of all comborbidities except depression and hypothyroidism, and Caucasians had significantly higher rates of depression (vs African Americans) and hypothyroidism (vs African Americans and Asians; Table 2 ). Asians had a significantly higher mortality rate (2.0%, n = 3, P = .04) and a significantly higher rate of readmissions to the ICU (6.7%, P = .0040)-nearly 3 times that of African Americans and Caucasians. Furthermore, there was no significant difference in overall hospital readmissions (P = .42) among Caucasians (6.4%), African Americans (6.9%), and Asians (6.0%). Eleven percent (n = 406) of patients were excluded from the analysis on race only because the racial data were classified as ''other,'' they declined to identify, or data were unavailable.
Comorbidities
Nearly all comorbidities were shown to significantly increase LOS, and several were found to increase complication rates, including hypertension, obesity, depression, anemia, diabetes with chronic complications, and congestive heart failure ( Table 3) . Congestive heart failure had the highest association with complications (odds ratio [OR] = 6.4), followed by diabetes with chronic complications (OR = 4.9). Only weight loss and renal failure were found to significantly increase mortality, with a 18.5-and 14.2-fold increase, respectively.
Complications. The top 6 complications, as defined according to UHC standards, are shown in Table 4 . Complications are assigned to patients based on diagnostic codes, as stated in the Methods section. All analyzed complications significantly increased LOS, with a mean LOS .15 days. Except for postoperative infection, all were also associated with a significantly increased mortality rate of at least 35-fold. Stroke was the most common complication (n = 76, 2.06%) and was associated with a significantly increased LOS (15.3 6 16.0 days) as well as the greatest increase in mortality rate among complications (13.2%, OR = 137.0).
Other Outcomes. Of the specific postoperative diagnoses of interest that we analyzed, nearly all significantly increased LOS, and many significantly increased mortality. Note that some of these diagnoses fell under certain catgories of UHC complications while others did not. We found that 34 patients (0.92%) developed postoperative unilateral vocal cord paralysis and 44 (1.19%) had an intracerebral hemmorhage. We identified 76 patients (2.03%) with postoperative CSF rhinnorhea or otorrhea indicating a CSF leak during their initial hospitalization. There was no detectable difference in the occurrence of CSF rhinorrhea or otorrhea in obese patients (OR = 0.67, P = .26). Patients with a history of irradiation, most likely coded for previous sterotactic radiation therapy for their acoustic neuroma, had a significantly increased LOS (6.3 days, P = .03) but without any significant increase in complication rate (7.35% vs 5.52%, P = .41). These patients were also more likely to present with facial nerve symptoms (OR = 2.24, P = .01) but were no more likely to incur facial nerve weakness from surgery (OR = 0.88, P = .74). Overall, 9.7% of patients presented with facial nerve symptoms, and 12.7% incurred facial nerve weakness after surgery.
Discussion
This study is the first to utilize UHC data for outcomes related to VS surgery to decrease the potential for bias inherent to single-institution data. The UHC CDB/RM affords us the opportunity to analyze outcomes on a national level by incorporating data across most US academic medical centers. This enables us to eliminate differences by institution and region to gain a better understanding of modern morbidity and mortality rates as well as which patient factors affect outcomes. We are conducting additional UHC database studies to address the influence of institutional case volume and the associated outcomes and LOS. In a metanalysis of .32,870 patients undergoing VS surgery between 1968 and 2006, the mortality rate was 0.2%, 7 while a more recent study of cases from 1994 to 2003 placed it at 0.5%. 12 This is in line with the 3697 cases of VS excision that we analyzed, with a mortality rate of 0.38%. Intracranial hemorrhages and strokes accounted for the majority of deaths in our study. We found a 1.2% rate of intracranial hemorrhage, in line with recent literature reporting 0.8% to 0.9%. We found weight loss, a comorbidity associated with advanced age and/or chronic illnesss, associated with much poorer outcomes. This included a 2.3-fold increase in LOS and complications, a 4.3-fold increase in readmission to the ICU, and a 16-fold increase in mortality. Weight loss is nonspecific and may be the result of several factors, including comorbidities, malnutrition, and advancing age. Studies showed that weight loss is a main component of frailty, a significant risk factor for perioperative complications. 11, 17 Moreover, malnutitrion was shown to lead to worse outcomes for other types of surgery. [18] [19] [20] We also found that renal failure significantly increased mortality (12.3-fold). Renal failure had a 3.1-fold increase in mortality rate after coronary artery bypass surgery, including a 2.1-fold increase in stroke. 21 The presence of other comorbidities, such as hypertension, diabetes, and congestive heart failure, are known to increase hospital complications, mortality, and LOS for various surgical procedures. [22] [23] [24] [25] [26] [27] [28] [29] [30] In our study, we found that the presence of congestive heart failure had a 26.1% increased risk of having a complication. Interestingly, we found no significant difference in LOS among obese patients, whereas obesity has been associated with an increased LOS for lateral skull base surgery on analysis of the American College of Surgeons National Surgical Quality Improvement Program database. 31 Obesity does not confer a risk to the patient in all situations, as it has been associated with improved or equal outcomes after stroke 32 and, specifically, otologic procedures. 33 As with any invasive procedure among patients with significant risk factors, preoperative medical optimization is advised with proper informed consent.
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As more is learned about VS growth patterns and prognosis, patients are opting more for observation and stereotatic radiation. 34 There is increasing evidence that many tumors are slow growing and stable or even regress and warrant observation. [35] [36] [37] However, as our results and other studies demonstrate, the potential benefits of watching and waiting in the older population must be balanced against the increasing risks of having surgery at advanced age. Mean age at VS diagnosis has also increased significantly over the past several decades, from 49 years old in 1976 to 58 years old in 2008, but the size of the tumor at the time of diagnosis has decreased.
1 This is particularly relevant, as advanced age has been well shown to be associated with increased mortality and complication rates after surgery, [38] [39] [40] as well as longer LOS. 24, 41, 42 Not surprising, age is associated with a higher prevalence of comorbidities. 43, 44 Our univariate analysis revealed a very strong correlation between age and complications (r = 0.96). However, this correlation does not eliminate confounding factors associated with advancing age that surely have an effect on risk of complications, such as most comorbidities. Age was also correlated with mortality (r = 0.69) and ICU LOS (r = 0.69). These data are useful in giving meaningful advice to patients on their risks of surgery and how delaying surgery can lead to a potentially riskier surgery at a more advanced age. Unfortunately, due to the nature of the database, a multivariate anaylsis was unable to be performed to identify confounders. Interestingly, we found a correlation with younger age and readmission. We hypothesize that this could be due to a false reassurance of clinical appearance among younger patients during discharge and follow-up. We did find that the overall LOS was 4.9 days, but the standard deviation was 5 days. This means that there was considerable variability in the LOS across institutions. Factors associated with longer LOSs include advancing age and complications in the postoperative period. African Americans had a higher complication rate than did other races in this study, which could follow from several factors. Studies of the SEER database (Surveillance, Epidemiology, and End Results) showed that African Americans and Asians typically have larger VS tumors at time of surgery, 45, 46 which are associated with a higher complication rate. 47 However, a statewide study of general surgical complications among African American patients found that they were mostly due to an increased prevalence of comorbidities. 48 While McClellan et al found higher mortality among African American patients undergoing VS surgery, 14 we failed to find a signifant difference with our study's African American population, as none died.
During the hospitalization for VS surgery, we found a CSF leak rate of 2.6%; however, there are likely additional cases of CSF leaks in this study population that we were unable to identify due to the nonspecific nature of some ICD-9-CM diagnostic codes. Additionally, this database did not inlcude CSF leaks that occurred after the initial hospitalization. Recent reported rates of CSF leak range from 0.8% to 10.6%. [49] [50] [51] While spontaneous CSF leaks have been associated with obesity, 52 we found no increase in postoperative CSF otorrhea or rhinorrhea in these patients.
In regard to facial nerve outcomes following VS surgery, we found that 12.7% of patients have facial nerve weakness following surgery but 9.7% of patients presented with facial nerve symptoms. Detailed information regarding the severity of facial nerve weakness prior to and after surgery is not available through the database. Unfortunately, specific information that is key to VS surgery, including tumor size, institution case volume, surigical approach, and hearing status, are not available through this database.
Another limitation of our study is that source data may be subject to inaccuracies, as discharge summaries are not coded by clinicians, although the acting physician must sign and verify these codes on the attestation sheet, which should help to minimize errors. 53 We believe the data to be accurate, as there is evidence that information gathered from the UHC CDB/RM database is highly concordant with institutions' medical records. 54 We were also unable to perform multivariate regression analysis, as we were limited by the CDB/RM to summary data from searches of patient characteristics. However, univariate analyses remain helpful for identifying which factors may portend a worse outcome, which is invaluable for the surgeon consulting a patient. We were also unable to identify some complications specific to VS surgery, such as CSF leak and long-term facial nerve outcomes. Our study period ended with the implementation of ICD-10-CM, a more comprehensive and thorough release of diagnostic codes that may provide more detailed data for future anlysis (eg, by type of surgical approach). Other limitations include specific information that is key to VS surgery, such as tumor size, surigical approach, pre-and postoperative facial nerve function, and team-versus individual surgeon-specific data. Last, the study involved only the 30-day postoperative period, including all complications and readmissions, which precludes long-term data.
Conclusion
The UHC database is a valuable tool to investigate outcomes in relatively rare diseases such as VS. In doing so, we found an extremely low mortality rate for modern VS surgery. We identified numerous factors that are associated with increased postoperative morbitity and mortality that are valuable in determining which treatment course might be best suited for a patient. This decision may be influenced by information pertaining to the risks for the patient's given demographic and health status.
